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EXECUTIVE SUMMARY 

Four total flooding gaseous halon alternatives (CEA-308, NAF-SIII, FM-200, and 

Inergen) were evaluated in full-scale machinery space applications. The primary objective of this 

investigation was to evaluate the International Maritime Organization's (IMO) test protocol for 

gaseous halon alternative fire extinguishing systems for use with an "inert" gaseous agent 

(Inergen), with discharge systems containing 180° (Sidewall) nozzles, and with agent discharge 

cylinders conditioned to low temperatures. The evaluation focused on whether the protocol 

requires modification to properly evaluate these systems. 

The Montreal Protocol, an International Treaty, established production bans on Halon fire 

suppression agents. The ban was based on Halon's contribution to the destruction of the earth's 

stratospheric ozone layer. For most of the industrial world, this production ban became effective 

in 1994. Halon fire suppressant agents, particularly Halon 1301, had become a common fixed 

fire protection choice on marine vessels. With this production ban came an important need to 

find acceptable alternatives for these fire suppression applications. Several alternative gaseous 

agents have been proposed to replace Halon 1301. The IMO drafted a test protocol for these 

replacements. The U.S. Coast Guard, as part of its regulatory duties, needed to evaluate the 

effectiveness of the test protocol across a variety of agents and configurations. 

The tests were conducted in a simulated machinery space aboard the test vessel, STATE 

OF MAINE, at the U.S. Coast Guard Fire and Safety Test Detachment located at Little Sand 

Island in Mobile, AL. The agents/systems were evaluated against five fire scenarios. Two of the 

five scenarios consisted of small heptane pan fires (telltales) located in the corners of the space to 

evaluate the mixing characteristics of the system. The remaining three scenarios were large fires 

consisting of combinations of pan and spray fires produced using either heptane or diesel fuel. 

One test included a small wood crib. To meet the protocol requirements, the systems were 

required to extinguish all of the test fires within 30 seconds of the end of agent discharge, and 

limit the mass loss of the wood crib to 60% of it's original weight. 



The results of these tests suggest that the protocol provides a reasonable basis for 

evaluating both halocarbon and inert gas extinguishing agents. The lack of a definition in the 

protocol for the end of agent discharge required clarification from the U.S. Coast Guard in order 

to judge the performance of the inert gas extinguishing agent (Inergen). It was recommended that 

the protocol be revised to include a uniform definition of discharge time based on 95% of the 

agent having been delivered to the protected space. This definition should serve for both the 

measurement of discharge time and to designate the end of agent discharge. 

The addition of a new nozzle design/type or new nozzle spacing was fairly evaluated by 

the protocol using a single telltale fire test. Additional large fire tests should not be required. 

However, it was recommended that two additional telltales be added to the center of the space 

(one on the engine mockup and one in the bilge under the engine mockup). This would further 

validate the mixing of the agent throughout the compartment. 

The effects of the low temperature discharge cylinders varied from system-to-system, and 

were observed to be related to a number of system parameters (i.e., fill density and percent of 

agent in pipe). Due to the lack of a general understanding of how these various design 

parameters affect the discharge characteristics of the system, a systematic study was 

recommended to bound the problem. Provisions (although not yet defined) should be added to 

the test protocol for evaluating systems that have agent storage cylinders located in 

unconditioned spaces. 

Based on the U.S. Coast Guard's interpretation of the IMO requirements, five 

agent/hardware combinations successfully completed the test protocol. These agent/hardware 

combinations include; Inergen with Ansul hardware, CEA-308 with TEPG hardware, and FM- 

200 with Hygood hardware, Kidde-Fenwal hardware, and Chemetron hardware. 

These results demonstrate that IMO's test protocol, with the proposed recommendations, 

can effectively evaluate a variety of agents and configurations. The protocol can evaluate 

different gases, different piping layouts, as well as systems where the agent storage cylinders are 

at low temperatures. 

VI 
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1.0      INTRODUCTION 

The International Maritime Organization's (MO) Maritime Safety Committee (MSC) on 

fire protection (FP), has developed a test protocol for evaluating the extinguishing effectiveness 

and critical design parameters of fixed gaseous halon alternative fire extinguishing systems [1]. 

The test protocol was developed to establish the extinguishing effectiveness of a gaseous halon 

alternative and to assure that the distribution system can achieve an extinguishing concentration 

of agent at all points in the space being protected. 

In a previous investigation, three halocarbon agents (North American Fire Guardian 

Technology, Inc.'s (NAFGT) NAF-Sm, 3M Corporation's CEA-410, and Great Lakes Chemical 

Corporation's FM-200), one gas/powder mix (Powsus Corporation's Envirogel), and Halon 1301 

for baseline comparisons were evaluated against the draft test protocol [2]. Based on these 

results, the protocol was revised and published as final. During that initial investigation, the 

agents were evaluated using discharge systems that contained 360° nozzles and cylinders stored 

at ambient temperatures. More recently, interest has arisen pertaining to the use of 180° nozzles 

and agent cylinders stored in unconditioned spaces. In addition, no inert gas agents had been 

tested against the protocol. 

Sidewall nozzles (nozzles with 180° discharge patterns) are commonly used in machinery 

spaces and can provide an added degree of design flexibility. Once the system has successfully 

completed the IMO test protocol for a given set of hardware (nozzles), the addition of new 

nozzles only requires an evaluation against the telltale fire test (Fire Scenario 1). This approach 

assumes that a new nozzle design would only affect the ability to distribute the agent throughout 

the space, which is the primary objective of the telltale fire test. 

Agent cylinders can be stored in areas that are either open to the weather or in 

unconditioned spaces. There is a concern that a low cylinder temperature and resulting lower 

cylinder pressure would affect the distribution/mixing characteristics of the system. This 

evaluation assessed the impact of low temperature cylinders on the system performance and 

determined whether additional tests should be included in the protocol. 

1 



The test protocol was also evaluated using the inert gaseous agent, Inergen. The inert 

gaseous agents are allowed longer discharge times similar to carbon dioxide (C02) systems (120 

seconds for the inerts versus 10 seconds for the halocarbon agents) because they do not 

decompose in the presence of fire. The longer discharge times alleviate many of the problems 

associated with the higher extinguishing concentrations and the gaseous discharge of these agents 

(i.e., enclosure overpressurization, larger pipes, and nozzles). There is a concern that these 

longer discharge times may allow the reduction in oxygen concentration in the compartment 

caused by the fire to aid in the extinguishment process. The inert gas portion of this investigation 

focused primarily on agent discharge times, fire extinguishment times, and the affect of oxygen 

depletion on the extinguishment of the fires. 

This report addresses the tests conducted in accordance with the approved test plan [3]. 

2.0      OBJECTIVES 

The objective of this test program was to further evaluate the IMO gaseous agent test 

protocol for use with systems containing 180° nozzles, low temperature agent cylinders, and 

inert gas extinguishing agents. Based on this evaluation, modifications to the test protocol may 

be recommended. 

3.0      TECHNICAL CONSIDERATIONS 

Once a system has successfully completed the MO test protocol for a given extinguishing 

agent and set of distribution hardware (nozzles), the addition of a new nozzle design or 

installation only requires an evaluation against the telltale fire test. The rational for this approach 

is that the new nozzle design should only affect the distribution/mixing characteristics of the 

system, which is the primary objective of the telltale fire test. Consequently, during the 180° 

nozzle evaluation, the focus was not only to identify the mixing characteristics of the nozzles but 



also to determine whether additional tests (i.e., large fire tests) should be required to evaluate 

new system designs and components. 

There is a concern that low temperature cylinders and the resulting lower cylinder 

pressure may affect the distribution/mixing characteristics of the system. Since a low 

temperature cylinder test is currently not required by the MO, the parameters of the test are not 

defined in Reference 1. The specific parameters that should be addressed are; cylinder fill 

density, cylinder temperature, and the percent agent in pipe. Performance criteria for discharge 

time and extinguishment times also need to be defined. Other standards [4] evaluate these 

systems using the maximum fill density and the lowest anticipated exposure temperature. These 

standards require fire extinguishment within 60 seconds of the end of agent discharge. Due to 

the lack of specific IMO performance requirements, the results of these tests will require 

interpretation. 

There are some additional concerns with the IMO protocol applied to evaluating inert gas 

extinguishing agents. These concerns are the lack of definitions of discharge time and the end of 

agent discharge. MO requires that inert gas extinguishing systems be designed to discharge the 

agent in two minutes or less. This discharge time is based on 85% of the mass of the agent being 

delivered to the space. The discharge time requirement for the halocarbon agents is based on 

95% of the mass of the agent being delivered to the space. Typically, liquid agent runout as 

noted by the inflection points on the nozzle pressure plots has been used to define the end of 

agent discharge for the halocarbon agents. The inconsistency in discharge time definitions only 

becomes an issue if the definition is used as the starting point of the extinguishment time 

interval. The 95% definition has been used in the past to evaluate the halocarbon agents, but has 

not been an issue since the end of agent discharge by any definition usually occurs within 

seconds of liquid agent runout. The end of agent discharge for the inert gases, however, can vary 

by as much as 60 seconds, depending on the definition. Due to the lack of a definition for the 

end of agent discharge, the extinguishment times were measured and recorded from system 

activation and the agent discharge times were given for 85, 95, and 99.5% of the agent delivered 

to the space. The actual extinguishment time can be determined by subtracting the discharge 

time from the recorded extinguishment time based on the preferred discharge time definition. 



4.0      CRADA PARTICIPANTS 

To meet the test objectives, the project was structured to allow the participation of agent 

and equipment manufacturers through Cooperative Research and Development Agreements 

(CRADAs). Through these CRADAs, the Coast Guard provided the test facility (Fire & Safety 

Test Detachment, Mobile, AL), test compartment, all fuels, instrumentation, test personnel, and 

the final report. The CRADA participants provided the extinguishing agent, distribution system 

design with design calculations, all system hardware, and were responsible for installing the 

system. CRADAs were established with the following companies: 

• Ansul Inc. using Inergen and Ansul hardware; 

• Ansul Inc. Marine Division using North American Fire Guardian Technology, Inc.'s 

(NAFGT) agent NAF-SHI; 

• Minnesota Mining and Manufacturing, 3M, using CEA-308 and distribution hardware 

provided by Tyco Electronic Product Group (TEPG); 

• Factory Mutual Research Corporation using Great Lakes Chemical Corporation's 

agent FM-200 and distribution hardware provided by Hygood Ltd. and Sea-Fire; 

• Kidde-Fenwal Inc. using Great Lakes Chemical Corporation's agent FM-200 and 

Kidde-Fenwal hardware; and 

• Chemetron, Inc. using Great Lakes Chemical Corporation's agent FM-200 and 

Chemetron hardware. 

4.1       Extinguishing Agents 

Four agents (three halocarbons and one inert gas) were included in this evaluation. These 

agents include heptafluoropropane C3HF7 (FM-200), perfluoropropane C3F8 (CEA-308), a 

hydrochlorofluorocarbon blend (NAF-SHI, HCFC Blend A), and a blend of nitrogen, argon, and 

carbon dioxide (Inergen). FM-200 is manufactured by Great Lakes Chemical Corporation, CEA- 

308 by 3M, NAF-SHI by North American Fire Guardian Technologies, and Inergen by Ansul Inc. 

The physical/chemical characteristics of Halon 1301, for reference purposes, and the four agents 



are listed in Table 1 [4-7]. Also included in Table 1 are the agents' cup burner extinguishment 

concentrations for n-heptane. 

Table 1. Extinguishing Agents Chemical and Physical Properties [5-8] 

Trade Name Halon 1301 CEA-308 FM-200 NAF-SIII* Inergen** 

Chemical Formula CF3Br C3F8 C3HF7 82%CHClF2(R-22), 
9.5% C2HCIF4 (R-124), 

4.75% C2HCI2F3 
(R-123), and 

3.75% (Isopropenyl-1- 
Methyl Cyclohexene) 

52% N2, 
40% Ar, and 

8% C02 

Molecular Weight 149 188 170 93 (Avg) 34 (Avg) 

Normal Boiling Point, °C -57.8 -36.7 -16.4 -38 -196 

Vapor Pressure, MPa at 21 °C 1.47 0.782 0.405 0.853 NA 

Critical Temperature, °C 67 71.9 101.7 125 122.4 

Critical Pressure, Mpa 3.97 2.68 2.91 6.65 4.33 
Vapor Density, kg/m 
At 21 °C and 0.101 Mpa 

6.26 7.87 7.26 3.85 1.43 

Liquid Density, kg/m2 at 21 °C 1567 1315 1403 1219 NA 
Agent Cylinder Pressure, MPa at 
21 °C 

2.58 2.58 2.58 2.58 14.8 

n-heptane Cup Burner 
Extinguishment Concentration, 
% Volume Extinguishment 

3.5 6.5 6.7 9.9 29.1 

Telltale Test Concentration % 
Volume 

6.5 6.71, 7.22 10 31.5 

[Large Fires Test 
[Concentration % Volume 

8.5,9.0 8.7 37.5 

Note: *    Composition by Weight, Average Properties Given 
**   Composition by Volume, Average Properties Given 

1 Concentration used by FMRC/Sea-Fire 
2 Concentration used by Kidde-Fenwal and Chemetron 

All fire tests were conducted using the CRADA participant's recommended design 

concentration with the exception of the telltale fire tests. The telltale fires were conducted using 

the agents' minimum extinguishing concentration, which typically was the cup burner 

extinguishing concentration for n-heptane or diesel fuel. The maximum allowable concentration 

for use in the telltale fire tests is 83.3% of the CRADA participants recommended design 

concentration [1]. 



5.0      TEST COMPARTMENT 

The tests were conducted in a simulated machinery space aboard the test vessel, STATE 

OF MAINE, at the U.S. Coast Guard Fire and Safety Test Detachment located at Little Sand 

Island in Mobile, AL. The machinery space was located on the fourth deck of the Number 6 

cargo hold. The compartment was constructed to meet the dimensional requirements of the IMO 

test protocol. The compartment volume was approximately 500 m3 with nominal dimensions of 

10mxl0mx5mas shown in Figure 1. The diesel engine mockup described in the test 

protocol was located on the fourth deck in the center of the compartment as shown in Figure 2. 

Air to support combustion was provided naturally through two 2 m2 vent openings located on the 

fourth deck forward in the compartment. These two vents were equipped with remotely activated 

retractable doors. Products of combustion were exhausted from the compartment through a 6 m 

vertical stack located in the back of the compartment (aft). The exhaust stack was equipped with 

a remotely activated hydraulic damper. Both the supply vents and vertical stack were open 

during the preburn period and closed just prior to agent discharge. 

The enclosure integrity was determined prior to the previous evaluation using a door fan 

test [2]. The door fan tests were conducted by Brendle Inc. of Montgomery, AL. Four tests were 

conducted using air flow rates from 65 to 110 m3/min, which produced compartment pressures 

ranging from 15 to 40 Pa. Based on the results of these tests, the equivalent leakage area for the 

compartment was determined to be approximately 0.17 m . 

A Harford Duracool, 8 m3, Model DR36788GG1MSI walk-in freezer with adjustable 

temperature controls was installed on the main deck of the "STATE OF MAINE" adjacent to the 

cylinder manifold. The agent cylinders were conditioned in the freezer for the over twelve hours 

prior to testing. 



6 m2 Exhaust Vent 

Figure 1. Machinery Space Configuration 
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Figure 2. Diesel Engine Mockup (Section and Plan Views) 



6.0      FIRE SCENARIOS 

The fire scenarios required by the IMO test protocol [1] are listed in Table 2 and are 

designated as Fire Scenarios 1, 2A, 2B, 3, and 4. The locations of the fires listed in Table 2 are 

shown in Figure 3. Per the IMO requirements, the halocarbon agents were evaluated against fire 

Scenarios 1,2A, 3, and 4; and the inert gas was evaluated against Fire Scenarios 1,2B, 3, and 4. 

The inert gas(s) are evaluated against a smaller spray fire combination (Fire Scenario 2B) to 

reduce the effects of oxygen depletion. 

Table 2. Fire Scenarios 

Fire 
Scenario 

Nominal Total 
Heat Release 

Rate 

Components Nominal Heat 
Release Rates 

Location (Figure 3) 

1 -24 kW 82 cm2 heptane pan fires (telltales) -3 kW/ea Comers              (TT) 
2A 7.95 MW Low pressure heptane spray fire 

High pressure diesel spray fire 
0.25 m2 heptane pan fire 

5.8 MW 
1.8 MW 

0.35 MW 

Top of mockup (SI) 
Top of mockup (S2) 
Under mockup    (PI) 

2B 0.49 MW 0.10 m2 heptane pan fire 
0.25 m2 heptane pan fire 

0.14 MW 
0.35 MW 

Side of mockup (P2) 
Under mockup     (PI) 

3 4.40 MW Low pressure/flow heptane spray fire 
Wood crib 

2.0 m2 diesel pan fire 

1.10 MW 
0.30 MW 
3.00 MW 

Side of mockup (S3) 
Deck level (Cl) 
Bilge Plate           (P3) 

4 6.00 MW 4.0 m2 diesel pan fire 6.00 MW Bilge                  (P4) 
* 5  -— -24 kW |   82 cm2 heptane pan fires (telltales) -3 kW/ea Comers               (TT)| 

* A low temperature conditioned cylinder test is not currently included in the IMO test protocol. 

Fire Scenario 5 was conducted to evaluate the effects that low temperature cylinders have 

on the mixing characteristics of the systems. Fire Scenario 5 was a repeat of Fire Scenario 1 with 

the agent cylinders conditioned to a lower temperature. The cylinder temperature used during 

these tests was selected by the CRADA participants. 

The telltale cups were constructed of 10 cm long sections of 10 cm diameter schedule 40 

steel pipe. The cups had an internal diameter of 10.23 cm and a wall thickness of 0.60 cm. The 

cups were filled with a 2.5 cm deep layer of water and a 5 cm deep layer of heptane, resulting in 

a 2.5 cm freeboard. 
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TT 
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Figure 3. Fire Locations 
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The fuel pans used during these tests were square in shape and constructed of 3.2 mm 

steel plate with welded joints. The pans were 22.9 cm in depth with side dimensions of 31.6 cm, 

50 cm, 144 cm, and 200 cm for the 0.2 m2,0.25 m2,2 m2, and 4 m2 pans, respectively. These 

pans were filled with a 2.5 cm deep layer of water and a 5 cm deep layer of either heptane or 

diesel fuel. Heptane was added to the 2 m2 and 4 m2 diesel pans to initiate the fire (1.9 L and 

3.8 L, respectively). 

The wood crib was constructed of 4 layers of 6 members each. Each member was trade 

size 5 x 5 x 45 cm (actual 3.8 x 3.8 x 45 cm) fir with a moisture content between 9% and 13%. 

The wood crib was placed on an angle iron frame 0.3 m above the deck. The crib was ignited 

using a 0.25 m2 pan that was fueled with 3.8 L of heptane. The wood crib was weighed both 

before and after each test. 

The spray fire parameters are given in Table 3. The low pressure heptane spray fires were 

produced using a pressurized fuel tank and a pipe network constructed of 1.2 cm stainless steel 

tubing. The fuel flow was controlled by both a manual quarter turn ball valve and a remotely 

actuated solenoid valve. The fuel tank was pressurized with nitrogen from a regulated cylinder. 

The high pressure diesel spray was produced using a positive displacement pump and a pipe 

network constructed of 1.2 cm stainless steel tubing. The fuel flow was controlled by both a 

manual quarter turn ball valve and a remotely actuated solenoid valve. 

Table 3. Spray Fire Parameters 

Fire Type Low Pressure Low Pressure, 

Low Flow 

High Pressure 

Spray nozzle Wide spray angle (120- 
125 ) full cone type 

Wide spray angle (80) 
full cone type 

Standard angle (at 6 bar) 
full cone type 

Nozzle make 

and model 

Bete Fog Nozzle 

P-120 

Bete Fog Nozzle 

P-48 

Spraying Systems 

LN-8 

Fuel flow 0.16 ± 0.01 kg/s 0.03 ± 0.005 kg/s 0.050 ± 0.002 kg/s 

Fuel temperature 20 ± 5 °C 20 ± 5 °C 20 ± 5 °C 

Nominal heat release rate 5.8±0.6MW 1.1±0.1MW 1.8 +0.2 MW 
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The fires were ignited to achieve the following prebum times prior to agent discharge 

(wood cribs 360 seconds, pan fires 120 seconds, and spray fires 15 seconds). 

The IMO protocol requires that all Class B fires must be extinguished within 30 seconds 

of the end of agent discharge. In addition to the extinguishment time requirement, the mass loss 

of the wood crib in Fire Scenario 3 cannot exceed 60% of its original weight. This implies that 

the wood crib must be extinguished during the test. The test protocol should be revised to state 

the extinguishment time requirement. 

7.0      AGENT DISTRIBUTION SYSTEMS 

Each CRADA participant was responsible for the design and installation of their 

respective distribution system. Each CRADA participant was required to submit both a system 

design and flow/discharge time calculations to the Coast Guard prior to system testing. Systems 

were designed in accordance with the IMO protocol. The halocarbon agent systems were 

designed for a maximum discharge time of 10 seconds (95% of the mass of agent delivered to 

the enclosure). The inert gas system (Inergen) was designed for a maximum discharge time of 

120 seconds (85% of the agent delivered to the enclosure). 

Each CRADA participant utilized multiple distribution system configurations during the 

course of this evaluation. The additional configurations were used to either employ the 180° 

nozzles, to increase the nozzle coverage area, or to adjust for the difference in agent quantity 

between the telltale and larger fire scenarios. Due to the number and variation of these systems, 

the specific layouts and design parameters will be discussed later with the results for each 

CRADA participant. 

All fire tests were conducted using the manufacturers' recommended design 

concentration with the exception of the telltale fire tests. The telltale fires were conducted using 

the agents' minimum extinguishing concentration, which typically was the cup burner 
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extinguishing concentration for n-heptane or diesel fuel. These concentrations are listed in 

Table 1. 

8.0      INSTRUMENTATION 

The U.S. Coast Guard's data acquisition system was used to collect all of the data during 

this evaluation with the exception of the extinguishing agent and HF concentrations. These 

measurements were made using an FTIR (Fourier Transform Infrared Spectrometer) which has a 

dedicated data acquisition system. The U.S. Coast Guard's data acquisition system was used to 

collect data at two rates; one set sampled at a rate of 10 Hertz, and the other set at 1 Hertz. The 

1 Hertz data set consisted of the machinery space and fire instrumentation and the 10 Hertz data 

set consisted of the agent discharge system, and compartment pressure instrumentation. 

The instrumentation scheme is shown in Figure 4 and a complete list of instrumentation 

is found in Appendix B. 

8.1       Machinery Space and Fire Monitoring Instrumentation (1 Hertz Data Set) 

The machinery space was instrumented to measure air temperatures, fire/flame 

temperature (to note extinguishment time), radiant and total heat flux, fuel nozzle pressure, and 

02, C02, and CO gas concentrations. A more detailed description of the instrumentation scheme 

is listed as follows. 

8.1.1    Temperature Measurements 

Two thermocouple trees were installed in the compartment. Each tree consisted of eight 

thermocouples positioned at the following heights above the lower deck (1.0, 2.0, 2.5, 3.0, 3.5, 

4.0, 4.5, and 4.9 m). Inconel sheathed type K thermocouples (0.32 cm diameter) (Omega Model 

KMQIN-125G-600) were used for this application. 

13 
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Figure 4. Instrumentation 
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8.1.2   Gas Concentration Measurements 

Carbon monoxide, carbon dioxide, and oxygen concentrations were sampled at two 

locations and three elevations in the compartment. These measurements were recorded at the 

center line of the space both forward and aft of the engine mockup as shown in Figure 4. 

Measurements were taken 1.0,2.5, and 4.0 m above the lower deck. MSA Lira 3000 Analyzers 

with a full-scale range of 10% by volume were used to measure the carbon monoxide 

concentration. MSA Lira 303 Analyzers with a full-scale range of 25% by volume were used to 

monitor the carbon dioxide concentration. Rosemont 755 Analyzers were used to monitor the 

oxygen concentration with full-scale range of 25% by volume. These analyzers are pressure 

sensitive, so that concentration measurements above ambient can be recorded during agent 

discharge. 

The gas samples were pulled through 0.95 cm stainless steel tubing and a Drierite packed 

filter using a vacuum sampling pump at a flowrate of 1 L/min, resulting in a 10 second transport 

delay. 

8.1.3 Heat Flux Measurements 

Both radiant and total heat flux measurements were recorded at four locations in the 

compartment. These transducers were installed on the forward and port bulkheads 2.0 m and 4.0 

m above the lower deck as shown in Figure 4. These instruments were water cooled Schmidt 

Boelter transducers manufactured by Medtherm Co. (Medtherm 64 Series Transducers) and had a 

full-scale range of 0-100 kW/m2. The radiometers were equipped with 150 sapphire windows. 

8.1.4 Fire Temperature 

To aid in the extinguishment time determination, one thermocouple was placed in the 

flame region 5 cm above telltale cups, 20 cm above the larger pan fires, and 45 cm downstream 

of the spray fire nozzles. Inconel sheathed, Type K thermocouples (0.32 cm diameter) (Omega 

Model - KMQIN-125G-600) were used for the large fires and 0.16 cm diameter (Omega Model - 

KMQIN-062G-600) thermocouples were used for the telltale cups. 
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8.1.5   Fuel Pressure 

The fuel nozzle pressure for these spray fires was monitored approximately six meters 

upstream of the nozzles where the fuel lines entered the test chamber. The two low pressure 

spray fires were monitored using a Setra Model 205-2 pressure transducer with a full-scale range 

of 1.7 MPa. The high pressure spray fire was monitored using a Setra Model 205-2 pressure 

transducer with a full-scale range of 20.7 MPa. 

8.2      Discharge System Instrumentation (10 Hertz Data Set) 

The discharge system was instrumented to provide system pressures, fluid temperatures, 

and pipe wall surface temperatures during the discharge of the agent. The compartment pressure 

was also included in this set of data. A more detailed description of these instruments is listed as 

follows. 

8.2.1 Pressure Measurements 

System pressures were measured at five locations: two discharge nozzles, before each 

tee, and on the cylinder discharge manifold. Setra Model 205-2 pressure transducers were used 

for this application. These transducers have a range of 0-6.9 MPa with an accuracy of 0.01 % 

full-scale. 

8.2.2 Temperature Measurements 

The cylinder temperature was measured using an inconel sheathed Type K thermocouple 

(Omega Model KMQIN-062-600) fastened to the side of the cylinder with glazing compound. 

As a result of this fastening/measurement technique, the actual agent temperature can vary by as 

much as a few degrees. Fluid temperatures were measured using fast-response, exposed junction, 

0.16 cm diameter, inconel-sheathed, Type K thermocouple probes (Omega Model KMQIN- 

062E-300) inserted into the flow (center of the pipe) adjacent to the locations of the pressure 

measurements. The pipe wall surface temperatures were measured using 24 AWG Type K 
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thermocouples, welded to the pipe surface adjacent to the fluid temperature and system pressure 

measurement locations. 

8.2.3 Cylinder Weight Measurements 

During the tests conducted with Inergen, one cylinder was weighed using a load cell scale 

assembly. The scale assembly had a range of 0-227 kg (gross). Due to the reaction forces 

exerted on the load cell during discharge, the weight traces could not be used during the analysis. 

8.2.4 Compartment Pressure Measurements 

The compartment pressure was measured at the centerline of the forward and port 

bulkheads 1.0 m above the deck as shown in Figure 4. Setra Model 264 pressure transducers 

with a range of ±2.48 kPa were used for this application. These instruments have an accuracy of 

0.01% full-scale. Both transducers were mounted outside of the compartment with the reference 

taken at the transducer location. 

8.3      Agent and Hydrogen Fluoride (HF) Concentration 

With the exception of the tests involving Inergen and NAF-SIH, the agent and hydrogen 

fluoride (HF) concentrations were measured using a KVB/Analect Diamond 20 Fourier 

Transform Infrared Spectrometer (FTIR) configured with an open path in situ measurements 

inside the space. This configuration employed two flat 90 mirrors (Analect Model OBE-100), 

two 91 cm light pipes (Axiom Model AOT-36), two 90 parabolic mirrors with 20 cm focal 

lengths (Analect Model OBE-108), and two 3.8 cm diameter calcium fluoride, CaF2, windows. 

A 40 cm active path length was used during these tests. Measurements were taken every 

1.2 seconds starting 5 seconds before the agent discharge until 16 seconds after discharge. After 

that period, measurements were taken every 30 seconds, starting 30 seconds after the agent 

discharge until 9 minutes after discharge. Finally, measurements were taken every 60 seconds 

starting 9 minutes after discharge until the end of the test. 
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Agent and HF concentrations were determined by comparison with spectra obtained using 

known concentrations. The specific agent concentrations were determined by the absorbencies at 

the wave numbers shown in Table 4. 

Table 4. Agent and Decomposition Product Wave Numbers 

Agent / Compound Wave Number (cm") 

FM-200 (C3HF7) 2034 
CEA-308 (C3F8) 2040 

Hydrogen Fluoride (HF) 4003,4041, and 4077 

The HF concentrations implied by the absorbencies at wave numbers 4003,4041, and 

4077 cm"1 were averaged together. 

The calibration spectra for use in determining the agent concentration was obtained using 

two glass cells, one with a path length of 5 cm and one with a 10 cm path length. These cells 

were evacuated and then filled with agent/air mixtures corresponding to 12.5% by volume and 

25% by volume. 

The HF calibration spectra was obtained using two plastic cells, one with a path length of 

10 cm path and one with a 88.9 cm path length. Six mixtures of known concentrations ranging 

from 980 ppm HF to 9000 ppm were flowed through each cell to result in 12 spectras 

corresponding to concentrations ranging from 245 ppm to 20,000 ppm. 

Inergen concentrations were determined using the oxygen concentration measurements 

and Equation 1. 

cInergtn = 100 * 1 - 
a 

a Unit 
(1) 

where Cmergen is the Inergen Concentration (% by volume), 02 is the measured oxygen 

concentration, and 02, init is the initial oxygen concentration. The Inergen concentration can also 

be determined by multiplying the carbon dioxide concentration by 12.5. In either case, the 
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determined concentration is overstated by the presence of the fire, which both consumes oxygen 

and generates carbon dioxide. The NAF-Sm concentration was determined using the same 

technique. 

8.4      Video Equipment 

Five video cameras were used to visually document the events of the test. Two video 

cameras were located one on each level inside the compartment as shown in Figure 4. The other 

three cameras were located outside the compartment primarily viewing the area around the diesel 

engine mockup. A microphone was also installed in the center of the space to provide the audio 

for the five video cameras. 

9.0      PROCEDURES 

The tests were initiated from the control room located on the second deck level forward 

of the test compartment. Prior to the start of the test, the pans were fueled, and the compartment 

ventilation condition was set. (The two 2 m2 lower vents and the 6 m2 stack vent were opened 

prior to the start of the test.) During Fire Scenario 5, the agent discharge cylinders were removed 

from the freezer and connected to the manifold just prior to the start of the test. The video and 

data acquisition systems were activated, marking the beginning of the test. One minute after the 

start of the data acquisition system, the fires were ignited, and the compartment was cleared of 

test personnel. The ignition sequence timing was driven by the compartment fires in the test 

scenario. Wood crib fires were ignited 360 seconds prior to agent discharge. Pan fires and the 

telltale cups were ignited 120 seconds prior to agent discharge. Spray fires were ignited 15 

seconds prior to agent discharge. Ten seconds prior to agent discharge, the vents into the space 

were closed and the extinguishing system was activated. The fuel for the spray fires was secured 

15 seconds after these fires were confirmed to be extinguished (either visually through the video, 

or by the drop in temperature measured by the fire thermocouples). The test continued for 15 

minutes after discharge at which point the re-ignition test for Fire Scenario 2A was conducted. 
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On completion of the test, the space was ventilated to remove the remaining agent and products 

of combustion. 

10.0    RESULTS AND DISCUSSION 

10.1     Tests Conducted 

A total of 39 tests were conducted during this evaluation. These 39 tests consisted of 21 

telltale fire tests, and 18 large fire tests. The telltale fire tests represent a larger portion of this 

evaluation, in comparison to the previous evaluation, due to the greater emphasis placed upon 

investigating additional hardware (180° nozzles) and due to evaluating the effects of low 

temperature storage cylinders. 

The performance requirements stated in the IMO test protocol are measured from the end 

of agent discharge. Due to the lack of a definition for the end of agent, the extinguishment times 

presented in the results section were measured from system activation. Various discharge times 

are also presented for each test. The 85% and 95% discharge times for Inergen were determined 

using the Soave-Redlich-Kwong (SRK) equation of state [9, 10] and the pressures and 

temperatures measured in the cylinder manifold during discharge. Details of this methodology 

are given in Appendix C. For the halocarbon agents, the industry standard practice defines the 

95% discharge time by the inflection points on the nozzle pressure/time plots are, which indicate 

liquid agent runout. The 99.5% discharge times for all agents were defined as the time when the 

nozzle pressure dropped below 35 kPa. The use of these values for any approvals or listings is 

subject to the interpretation of the approving administration. 

Due to variations in test set-ups and test objectives, the results of these tests will be 

discussed on a CRADA participant basis in the following sections. A complete set of data is 

found in Appendix D for each test. 
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10.1.1 Inergen Extinguishing Agent, Ansul CRADA, Ansul Hardware 

The eight Inergen tests included five telltale and three large fire tests as shown in Table 5. 

The complete set of fire scenarios was conducted for a system containing a single 360° nozzle 

located in the center of the space using a short discharge time (nominally 60 seconds). These 

tests include: Fire Scenario 1 - Test #1, Fire Scenario 2B - Test #5, Fire Scenario 3 - Test #6, 

Fire Scenario 4 - Test #7, and Fire Scenario 5 - Test #2. Tests #3 and #8 evaluated a system 

with a longer discharge time (nominally 120 seconds) and Test #4 evaluated a system containing 

two 180° nozzles. 

The system configurations evaluated during this investigation are shown in Figures 5 

through 7 with the system parameters listed in Table 5. The longer pipe network used during the 

telltale tests was designed to reduce the minimum nozzle pressure. 

The telltale fire tests were conducted with a 31.5% agent concentration. The results of 

these tests are shown in Table 6. The first test was conducted with the cylinders at ambient 

temperature and the remaining tests with low temperature conditioned cylinders. During the test 

conducted with the discharge cylinders at ambient temperature and a nominal 60 second 

discharge time (Test #1), all of the telltales were extinguished within 55 seconds of system 

activation. This was not the case when the test was repeated with the low temperature 

conditioned cylinders (Test #2). The low temperature conditioned cylinders resulted in longer 

extinguishment times with the extinguishment times increasing by 20 seconds on average. All of 

the telltales were extinguished during this test within 86 seconds of system activation. Two tests 

were also conducted with low temperature conditioned cylinders and a nominal 120 second 

discharge time (Test #3 and Test #8). During Test #3, all of the telltale fires were extinguished 

within 177 seconds of system activation. During Test #8, all the telltale fires were extinguished 

within 106 seconds of system activation. The remaining test consisted of low temperature 

conditioned cylinders and two 180° nozzles (Test #4). During this test all of the telltale fires 

were extinguished within 101 seconds of system activation. 
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System A-4 

LEGEND 

360° Nozzle 

i      180° Nozzle 

Figure 5. Ansul Inergen Telltale Fire Discharge System with 360° Nozzles (Short) 
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Systems A-1, A-2 and A-5 
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Figure 6. Ansul Inergen Telltale Fire Discharge System with 360° Nozzles (Long) 
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Figure 7. Ansul Inergen Telltale Fire Discharge System with 180° Nozzles 
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The large fire tests were conducted with a 37.5% agent concentration, which is 20% above the 

concentration used during the telltale fire tests. The results of these tests are shown in Table 7. 

As shown in Table 7, Fire Scenarios 3 and 4 were extinguished early into the agent discharge 

suggesting that these fires were extinguished due to localized effects rather than a uniform homogeneous 

extinguishment concentration achieved throughout the space. The extinguishment times for Fire Scenario 

2B were similar to the telltale extinguishment times. As expected, the smaller pan fire combination 

(Scenario 2B) added to the MO test protocol after the initial investigation [2] proved to be the most 

challenging. The 0.25 m2 heptane pan fire in Scenario 2B was extinguished 42 seconds after system 

activation while the smaller fire (0.1 m2 heptane pan fire) was not extinguished until 74 seconds after 

system activation. 

The machinery space was instrumented to measure the increase and/or decrease in compartment 

pressure resulting from the discharge of the agent. Due to the configuration of the 

exhaust stack damper/flapper and to problems associated with instrumentation, the compartment pressures 

recorded during these tests were not representative of an actual machinery space application. The concern 

associated with increases and/or decreases in compartment pressure still exists and should be considered 

when installing an inert gas system in a relatively air-tight machinery space. 

10.1.2 NAF-Sm Extinguishing Agent, Ansul CRADA, North American Fire Guardian Technologies 
Hardware 

Two tests were conducted under the Ansul CRADA using North American Fire Guardian's 

hardware and agent. During the previous investigation [2], a system containing two 360° nozzles 

successfully completed the IMO evaluation using ambient temperature cylinders. The objectives of these 

tests were to re-evaluate the system with cylinders conditioned to low temperatures. The discharge system 

used during these tests is shown in Figure 8 and was identical to one evaluated previously. The 

parameters for the system are given in Table 8. 
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System N-1 

LEGEND 

360° Nozzle 

180° Nozzle M 

Figure 8. Ansul NAF-Sm Telltale Fire Discharge System 
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The tests were conducted with a 10% agent concentration. The results of these tests are 

shown in Table 9. The agent concentrations shown in this table were based on the oxygen 

concentrations measured in the space. As shown in this table, one telltale fire was not 

extinguished in each of the two tests. In the first test, with the cylinders conditioned to -20°C, 

the Low-Aft-Port telltale fire was not extinguished. In the second test, with the cylinders 

conditioned to 0°C, the High-Forward-Port telltale was not extinguished. The remaining telltale 

fires were all extinguished within 40 seconds of system activation in both tests. 

The low cylinder temperature significantly affected the discharge characteristics of the 

system. The agent mixing characteristics of the system is primarily a function of the nozzle 

pressure during discharge. The lower cylinder temperature reduced the average nozzle pressures 

from 900 kPa as measured during the previous investigation to 300 kPa measured during these 

tests. Since low temperature cylinders are not currently included in the MO test protocol, these 

tests were conducted to provide information on the effects low temperature condition cylinders 

have on the discharge characteristics of the system. 

10.1.3 CEA-308 Extinguishing Agent, 3M CRADA, Tyco Electronic Product Group Hardware 

The eight SEA-308 tests included two telltale and six large fire tests as shown in Table 

10. The complete set of five fire tests was conducted for a system containing four 360° nozzles 

installed with a nominal 5.0 m nozzle spacing and an 8.5% design concentration. These tests 

include: Fire Scenario 1 - Test #11, Fire Scenario 2A - Test #20, Fire Scenario 3 - Test #16, 

Fire Scenario 4 - Tests #15 and #17 (Test #15 was repeated due to hardware problems which 

resulted in a longer discharge time), and Fire Scenario 5 - Test #12. The large fire tests were 

also repeated with a 9.0% design concentration in an attempt to reduce the production of 

decomposition products (Tests #13, #18, and #19). 

Three discharge system configurations were included in this evaluation. These systems 

are illustrated in Figures 9 and 10 with the system parameters listed in Table 10. 
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2.5 m 

2.5 m    f"\ 
50 mm pipe». 

5.41 m 
80 mm pipe 

03 
9- 
O. 

E 
E 
in 
to 2.5 m f 

Hf 50 mm pipe 50 mm pipe^ 
>& 

E 
o 

10m 

LEGEND 

360° Nozzle 

180° Nozzle 

Figure 9. 3M CEA-308 Telltale Fire Discharge System 
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System T-2 and T-3 

2.5 m 2.5 m 
?50 mm pipe 

E 
10 
cvj 

2.5 m 

50 mm pipell 

5.41 m 
100 mm pipe 

03 
O. 
Q. 

E 
E 
o 
co 

jftik 

2.5 m   m 
50 mm pipe 50 mm pipefe-H 

:f-i 

E 
o 

10 m 

LEGEND 

ISp 360° Nozzle 
Up 

180° Nozzle 

Figure 10. 3M CEA-308 Large Fire Scenario Discharge System 
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The telltale fire tests were conducted with a 6.5% agent concentration. The results of 

these tests are shown in Table 11. As shown in this table, all of the telltale fires were 

extinguished within 30 seconds of system activation. The decrease in cylinder temperature from 

20°C to 2°C had little effect on the telltale fire extinguishment times. 

The three large fire scenarios were conducted using two design concentrations, 8.5 % and 

9.0 % by volume. These concentrations are nominally 30% and 40% above the concentration 

used during the telltale fire tests. The results for these tests are given in Table 12. As shown in 

this table, all of the fires were extinguished within the 20 seconds of system activation. The 

longest extinguishment times were observed for the 4 m2 diesel pan in Scenario 4 and the wood 

crib in Scenario 3. These fires were both extinguished approximately 20 seconds after system 

activation. 

The HF concentrations recorded during these tests follow the same trends found 

throughout the literature [2]. The average HF concentrations observed 300 seconds after 

extinguishment ranged from approximately 2500 to 4000 ppm for the 8.5% design concentration 

and 1600 to 3000 ppm for the 9.0% concentration. The use of the higher agent concentration 

reduced the amount of HF produced by an average of 30%. 

10.1.4 FM-200 Extinguishing Agent, Factory Mutual Research Corporation CRADA, Sea-Fire 
and Hygood Hardware 

Six tests were conducted under the Factory Mutual Research Corporation CRADA. 

These tests included three telltale and three large fire tests as shown in Table 13. The complete 

set of fire scenarios was conducted for a system containing four 360° nozzles installed with a 

nominal 5.0 m nozzle spacing. These tests include: Fire Scenario 1 - Test #21, Fire Scenario 2A 

- Test #24, Fire Scenario 3 - Test #23, Fire Scenario 4 - Test #25, and Fire Scenario 5 - Test 

#22. The system was then re-evaluated to include 180° nozzles in Test #26. 

Three discharge system configurations were included in this evaluation. The discharge 

systems are illustrated in Figures 11 and 12 with the system parameters listed in Table 13. 
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System F-1 and F-2 

LEGEND 

360° Nozzle 

180° Nozzle 

Figure 11. FMRC Sea-Fire Hygood Discharge System with 360° Nozzles 
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Figure 12. FMRC Sea-Fire Hygood Discharge System with 180° Nozzles 
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The telltale fire tests were conducted with a 7.2% agent concentration. The results of 

these tests are shown in Table 14. The telltales were extinguished within 25 seconds of system 

activation for all three tests. The cylinder temperature had little effect on the telltale fire 

extinguishment times for this system configuration. The extinguishment times for the 180° 

nozzles were similar to the 360° nozzles for the telltales located high in the space, but produced 

longer extinguishment times for the lower telltale fires. During the test conducted with the 180° 

nozzles, two additional telltales were added in the center of the compartment (one on top and one 

below the diesel engine mockup). During this test, the extinguishment times for the two 

additional telltales were similar to the telltales located in the corners of the space (i.e., within 

24 seconds of system activation). 

The large fire tests were conducted with an 8.7% design concentration, which is 20% 

higher than the concentration used during the telltale fire tests. The results of these tests are 

shown in Table 15. As shown in this table, all of the test fires were extinguished within 11 

seconds of system activation. 

The HF concentrations recorded during these tests follow the same trends found 

throughout the literature [2]. The average HF concentrations observed 300 seconds after 

extinguishment ranged from 2200 to 5000 ppm. 

10.1.5 FM-200 Extinguishing Agent, Kidde-Fenwal CRADA, Kidde-Fenwal Hardware 

During the previous investigation [2], a Kidde-Fenwal system containing four 360° 

nozzles installed with a nominal 5.0 m nozzle spacing successfully completed the IMO test 

protocol. During these tests, the system was re-evaluated using a variety of nozzles and 

configurations and with low temperature conditioned cylinders. 

There were six tests conducted under the Kidde-Fenwal CRADA. All six tests were 

telltale fire tests with four of these tests conducted with low temperature conditioned cylinders as 

shown in Table 16. Test #27 re-evaluated the initial system using low temperature conditioned 

cylinders. 
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Test #28 evaluated a system containing two 360° nozzles with twice the area coverage. Tests 

#29 and #30 evaluated an innovative design consisting of two back-to-back 180° nozzles and, Tests 

#31 and #32 evaluated these two 180° nozzles using a conventional installation (nozzles installed 

adjacent to compartment boundaries). 

The four Kidde-Fenwal discharge system configurations included in this test series are shown 

in Figures 13 through 16 with the system parameters listed in Table 16. 

All tests were conducted with a 6.7% agent concentration. The results of these tests are listed 

in Table 17. As shown in this table, all of the telltale fires were extinguished within 28 seconds of 

system activation with the exception of Test #29. During Test #29 (low temperature conditioned 

cylinders and back-to-back 180° nozzles), the high-aft-port telltale was not extinguished until 44 

seconds after system activation. In comparison of the two systems utilizing 360° nozzles, the two 

nozzle system extinguished the telltale fires almost twice as fast as the four nozzle system (on an 

average 6 seconds versus 12 seconds from system activation). 

Unlike the previous two CRADA participants, the lower cylinder temperature significantly 

affected the discharge characteristics of the Kidde-Fenwal system. This was probably the result of 

the higher cylinder fill densities used by Kidde-Fenwal during these tests. For the two sets of tests 

that were conducted using both ambient and low temperature conditioned cylinders, the average 

nozzle pressure was reduced by over 25%. These lower pressures resulted in longer extinguishment 

times for the tests conducted with 180° nozzles installed back-to-back but had little effect on the 

extinguishment times when the 180° nozzles were installed adjacent to the bulkhead. The effects of 

reduced cylinder temperatures will also be discussed in Section 9.2.2 of this report. 

10.1.6 FM-200 Extinguishing Agent, Chemetron CRADA, Chemetron Hardware 

Seven tests were conducted under the Chemetron CRADA. These tests included four telltale 

and three large fire tests as shown in Table 18. The complete set of fire scenarios was conducted for 

a system containing four 360° nozzles installed with a nominal 5.0 m nozzle spacing. These tests 

include: 
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System K-1 

LEGEND 

360° Nozzle 

180° Nozzle 

Figure 13. Kidde-Fenwal Discharge System with Four 360° Nozzles 
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System K-2 

LEGEND 

I 360° Nozzle 

180° Nozzle 

Figure 14. Kidde-Fenwal Discharge System with Two 360° Nozzles 
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System K-3 

LEGEND 

360° Nozzle 

180° Nozzle 

Figure 15. Kidde-Fenwal Discharge System with Back-to-Back 180° Nozzles 
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System K-4 

LEGEND 

360° Nozzle 

180° Nozzle 

Figure 16. Kidde-Fenwal Discharge System with Bulkhead 180° Nozzles 
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Fire Scenario 1 - Test #33, Fire Scenario 2A - Test #35, Fire Scenario 3 - Test #36, Fire 

Scenario 4 - Test #37, and Fire Scenario 5 - Test #34. Test #38 evaluated a system containing 

two 360° nozzles with greater area coverage, and Test #39 evaluated a system consisting of two 

180° nozzles. 

Five discharge system configurations were included in this evaluation. These systems are 

illustrated in Figures 17 through 19, with the corresponding parameters given in Table 18. It 

should be noted that during the evaluation of the 180° nozzles, the nozzles were installed 

adjacent to a single bulkhead as shown in Figure 19, rather than adjacent to opposing bulkheads 

as was done with other CRADA participants. 

The telltale fire tests were conducted with a 6.7% agent concentration. The results of 

these tests are shown in Table 19. As shown in this table, all telltale fires were extinguished 

within 25 seconds of system activation. On an average, the extinguishment times were similar 

between system configurations. The low-forward-starboard telltale was the last fire extinguished 

using the four 360° nozzle system, while the high-forward-port was the last fire extinguished 

using either the two 360° nozzle or two 180° nozzle configurations. The low temperature 

conditioned cylinders had little effect on the extinguishment times for the telltale fires. 

The large fire tests were conducted with a 8.7% design concentration, which is 30% 

higher than the concentration used during the telltale fire tests. The results of these tests are 

given in Table 20. After Test #35, the nozzle orifice sizes were increased in order to decrease the 

discharge time to below 10 seconds. Although the discharge time during Test #35 was slightly 

longer than that required by IMO (11.5 seconds versus 10 seconds), the test was not repeated due 

to the short extinguishment times observed during the test. The assumption was made that a 

shorter discharge time would only increase the fire suppressing capabilities of the system. 

During these tests, all of the fires were extinguished within 15 seconds of system activation. 

The HF concentrations recorded during these tests follow the same trends found 

throughout the literature [2]. The average HF concentrations observed 300 seconds after 

extinguishment ranged from 1600 to 3400 ppm. 

52 



Systems C-1, C-2and C-3 

LEGEND 

360° Nozzle 

180° Nozzle 

Figure 17. Chemetron Discharge System with Four 360° Nozzles 
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Figure 18. Chemetron Discharge System with Two 360° Nozzles 
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System C-5 
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Figure 19. Chemetron Discharge System with Bulkhead 180°Nozzles 
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10.1.7 Test Summary 

The systems evaluated during this investigation are summarized in Table 21. Also, 

included in this table are the relevant design parameters of each system. 

Table 21. System Summary 

CRADA 
Participant 

Hardware Agent Design 
Cone. 

(%) 

Number 
of 

Nozzles 

Nozzle 
Type 

Coverage 
Area 

(m2) 

Height 

(m) 

Avg. 
Nozzle 

Pressure 
(kPa) 

Ansul, Inc. Ansul Inergen 37.5 1 360° 100 5 943 

Ansul, Inc. Ansul Inergen 37.5 2 180° 50 5 1062 

Ansul, Inc. Ansul NAF-Sm 10 2 360° 50 5 300 

3M TEPG/3M CEA-308 8.5 4 360° 25 5 900 

FMRC Hygood/Sea-Fire FM-200 8.7 4 360° 25 5 1100 

FMRC Hygood/Sea-Fire FM-200 8.7 4 180° 25 5 1100 

Kidde-Fenwal Kidde-Fenwal FM-200 8.7 2 360° 50 5 475 

Kidde-Fenwal Kidde-Fenwal FM-200 8.7 2 180°* 50 5 700 

Kidde-Fenwal Kidde-Fenwal FM-200 8.7 2 180° 50 5 625 

1    Chemetron Chemetron FM-200 8.7 4 360° 25 5 975 

|    Chemetron Chemetron FM-200 8.7 2 360° 50 5 1075 

|    Chemetron Chemetron FM-200 8.7 2 180° 50 5 1150 

* Nozzles installed back-to-back. 

Each of the five CRADA participants was evaluated using systems that contained 360° 

nozzles. Four CRADA participants (Ansul, FMRC/Sea-Fire, Kidde-Fenwal, and Chemetron) 

were also evaluated using systems containing 180° nozzles. All five CRADA participants were 

evaluated using systems that contained low temperature conditioned cylinders. The fire 

extinguishment capabilities of these systems were discussed in previous sections of this report. 

The use of this data for any approvals or listings require interpretation of the approving 

administration. 
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10.2    IMO Protocol Evaluation 

This evaluation of the IMO test protocol focused on three key issues: the use of 180° 

nozzles, the effects of low agent cylinder temperatures, and on inert gas extinguishing agents. 

These issues will be discussed separately in the following sections of this report. 

10.2.1 Variations in Nozzle Types 

The 180° nozzles were fairly evaluated by the protocol and produced similar results to the 

360° nozzles. The successful extinguishment of the two additional telltales located in the center 

of the space, added during one of the tests involving 180° nozzles, strengthens this test in terms 

of ensuring that the agent is distributed evenly throughout the space. As stated in the previous 

investigation [2], two additional telltales should be added in the center of the space (on top of 

and under the engine mockup). Based on the results of these tests, when changing nozzle types 

or nozzle spacings, additional large fire tests beyond the telltale test should not be required. 

10.2.2 Low Temperature Conditioned Cylinders 

The effects of low temperature discharge cylinders varied from system-to-system and 

were observed to be system parameter dependent. The discharge characteristics (i.e., discharge 

times and nozzle pressures) for all of the halocarbon agents were significantly affected by the low 

temperature conditioned cylinders. The low temperature conditioned cylinders had the greatest 

effect on the nozzle pressure of the system. Reducing the cylinder temperature by 25 C typically 

resulted in a decrease in nozzle pressure on the order of 20%. The magnitude of the reduction 

appears to be related to the fill density of the cylinders. The greatest impact was observed for the 

cylinders with the highest fill densities. The nozzle pressures for the inert gas (Inergen) were 

relatively unaffected by the lower cylinder temperatures. 

Although the nozzle pressures were affected by the reduction in cylinder temperature, for 

a majority of the systems tested, the fire extinguishment times were not significantly affected. 

For example, the 3M, FMRC/Sea-Fire, and Chemetron system extinguishing times were largely 

unaffected by the change in temperature/pressure. However, other systems were significantly 
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affected. The North American Fire Guardian system using low temperature conditioned cylinder 

was unable to extinguish all eight telltale fires. Although the nozzle pressures and discharge 

times were unaffected by the reduction in temperature for the inert gas (Inergen,), the 

extinguishment times increased on average by over 20 seconds. The Kidde-Fenwal systems 

produced mixed results. 

The variations in firefighting capabilities observed during the low temperature 

conditioned cylinder tests define the need for the inclusion of this test in the protocol or for a 

better understanding of how low temperatures effect the discharge characteristics of the system. 

There are at least two approaches to this problem. 

The first approach is to include a low temperature conditioned cylinder test in the IMO 

test protocol and have the system parameters included in the test define the design parameters for 

the system. These design parameters include: maximum cylinder fill density, maximum percent 

agent in the pipe, and the minimum cylinder temperature. 

Another approach is to modify the flow programs used to design these systems to allow 

the cylinder temperature to be input as a design parameter. Using these programs, the systems 

could then be designed to meet or exceed the minimum nozzle pressure defined during the 

telltale fire test (Fire Scenario 1) for the minimum expected cylinder temperature. 

Although these two approaches form a sound basis for this evaluation, a systematic 

parameter study is required to identify the design parameters associated with these variations. 

10.2.3 "Inert" Gaseous Agents 

The lack of a definition for the end of agent discharge prevented the data collected during 

these tests to be interpreted in terms of pass or fail. In general, the "inert" gas was capable of 

extinguishing all of the telltale fires in less than 180 seconds and all of the large fires in less than 

75 seconds of system activation. The interpretation of these results is the responsibility of the 

approving administration. 
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The protocol needs to be revised to include a definition for the end of agent discharge, 

independent of the type of extinguishing agent (i.e., halocarbon or inert gas). If the intent was to 

use the discharge time definition, a uniform 95% mass delivered to the space should be used for 

the inert gases as well as for the halocarbons. If this was not the intent, the end of agent 

discharge needs to be defined as well as a technique for measuring it during the test. 

11.0    SUMMARY 

Each of the five CRADA participants (Ansul, 3M, Kidde-Fenwal, FMRC/Sea-Fire, and 

Chemetron) were evaluated using systems produced with 360° nozzles. Four CRADA 

participants (Ansul, Kidde-Fenwal, FMRC/Sea-Fire, and Chemetron) were also evaluated using 

systems containing 180° nozzles. All five CRADA participants were evaluated using systems 

that contained low temperature conditioned cylinders. Due to a lack of a definition, of the end of 

agent discharge, the results of these tests require interpretation. 

The addition of a new nozzle type (i.e., 180° nozzles) or nozzle spacing was fairly 

evaluated by the protocol using a single telltale fire test (Fire Scenario 1). Additional large fire 

tests should not be required. 

The effects of the low temperature discharge cylinders varied from system-to-system and 

were observed to be system parameter dependent (i.e., fill density and percent agent in pipe). 

The protocol needs to be revised to include provisions for evaluating systems that have agent 

storage cylinders located in unconditioned spaces. Due to the lack of a general understanding on 

how the various design parameters effect the discharge characteristics of the system, a systematic 

study was recommended to bound the problem. 

The lack of a definition for the end of agent discharge prevented a quantitative analysis of 

the firefighting capabilities/performance of the inert gas Inergen. During these tests, Inergen was 

capable of extinguishing all of the telltale fires in less than 180 seconds and all the large fires in 

less than 75 seconds of system activation. 

61 



12.0    RECOMMENDATIONS. 

During the initial evaluation of the MO test protocol [2], a number of potential 

improvements to the protocol were identified. A limited number of these improvements were 

included during the last revision. The remaining improvements should still be considered. These 

improvements include: 

Minimize the oxygen depletion that occurs during the preburn of the large fires by either 

reducing the fire size(s) or increasing the compartment ventilation during preburn. 

Add additional telltale fires in the center of the space (at a minimum one on top of the 

engine mockup and one in the bilge). 

Obstruct, baffle, or relocate the spray fires located on top of the engine mockup in Fire 

Scenario 2A. 

Modify the test protocol to include an energetic long duration re-ignition source in Fire 

Scenario 3. 

Increase the ventilation to the bilge to prevent Fire Scenario 4 from becoming ventilation 

limited during preburn. 

It is recommended, based on this evaluation, that the MO test protocol be revised to 

include a uniform definition of discharge time based upon 95% of the agent having been 

delivered to the protected space. This definition should serve as both the measure of discharge 

time and the end of agent discharge. 

If it is problematic to measure the 95% discharge time, the extinguishment time 

requirements can be measured from system activation. For example, halocarbon agents may be 

required to extinguish all the test fires within 40 seconds of system activation. Inert gases may 
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be required to extinguish all test fires within 150 seconds of system activation. The 

extinguishment time requirements should be determined by the IMO. 

Provision should also be added to the protocol for evaluating systems that have agent 

cylinders located in unconditioned spaces. 

13.0    U.S. COAST GUARD'S INTERPRETATION OF THE RESULTS 

Upon completion of the tests conducted with Inergen, Ansul requested a written 

interpretation of the IMO test requirements (MSC/CIRC 776) from Coast Guard Headquarters 

(Life Saving and Fire Safety Standards Division). Ansul specifically requested an interpretation 

of the discharge time requirements and the definition of the end of agent discharge. The Coast 

Guard's response is found in Appendix E. 

The letter from the Coast Guard states that the discharge time requirements in paragraph 

4 of the IMO test protocol are self explanatory and do not need further interpretation (i.e., 85% of 

the agent must be delivered to the space in 120 seconds or less). The Coast Guard does however, 

agree that the definition of the end of agent discharge is somewhat vague. The Coast Guard 

interprets the end of agent discharge as the time when there is "no substantial flow from the 

nozzles" or "when the first nozzle stops discharging," whichever comes first. This infers that all 

of the agent has been delivered to the space. 

Using the Coast Guard's interpretation for the end of agent discharge, the results of these 

tests can be qualified with respect to meeting the IMO requirements. To consistently apply this 

interpretation to the various agents, the end of agent discharge has been defined as when the 

nozzle pressure drops below 35 kPa. This time is shown in the various tables as the 99.5% 

discharge time. In order to meet the IMO test requirements, all of the test fires must be 

extinguished within 30 seconds of this time. 
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13.1     Inergen Extinguishing Agent, Ansul CRADA, Ansul Hardware 

All eight tests conducted using Inergen were extinguished within the time requirements 

stated in the MO test protocol. In a majority of the telltale fire tests, the telltale cups were 

extinguished during agent discharge. During two of the tests, the telltale cups were not 

extinguished until after discharge was complete. Both of these tests were conducted with low 

temperature conditioned cylinders. All of the large fires were also extinguished before the end of 

agent discharge. In summary, the extinguishing agent Inergen discharged through a system 

produced with Ansul hardware successfully completed the IMO test protocol with a system 

containing one 360° nozzle and a design concentration of 37.5%. A two nozzle system design 

(two 180° nozzles) also met the IMO requirements by successfully extinguish the telltale fire test 

(Fire Scenario 1). 

13.2 CEA-308 Extinguishing Agent, 3M CRADA, TEPG Hardware 

All eight tests conducted using CEA-308 were extinguished within the time requirements 

stated in the IMO test protocol. All of the fires (large fires and telltales) were extinguished 

within 15 seconds of the end of agent discharge. In summary, the extinguishing agent CEA-308 

discharged through a system produced with TEPG hardware successfully completed the IMO test 

protocol with a system containing four 360° nozzles and two design concentrations of 8.5 and 

9.0%. The higher design concentration was used to minimize the production of HF during 

extinguishment. 

13.3 FM-200 Extinguishing Agent, FMRC/Sea-Fire CRADA, Hygood Hardware 

All six tests conducted using the FMRC/Sea-Fire system were extinguished within the 

time requirements stated in the IMO test protocol. In a majority of the tests, the fires were 

extinguished before the end of agent discharge. In summary, the FMRC/Sea-Fire system using 

FM-200 extinguishing agent successfully completed the IMO test protocol with a system 

containing four 360° nozzles and a design concentration of 8.7%. A system design consisting of 

four 180° nozzles and a design concentration of 8.7% also met the IMO requirements by 

successfully extinguishing the telltale fire test (Fire Scenario 1). 
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13.4 FM-200 Extinguishing Agent, Chemetron CRADA, Chemetron Hardware 

All seven tests conducted using the Chemetron system were extinguished within the time 

requirements stated in the IMO test protocol. All of the test fires were extinguished within ten 

seconds of the end of agent discharge. In summary, the Chemetron system discharging FM-200 

extinguish agent successfully completed the IMO test protocol with a system containing four 

360° nozzles and a design concentration of 8.7%. Two additional system designs also met the 

requirements of the MO test protocol by extinguishing the telltale fire test (Fire Scenario 1). 

These systems include a two 360° nozzle system and a two 180° nozzle system with the nozzles 

installed against a common bulkhead. 

13.5 FM-200 Extinguishing Agent, Kidde-Fenwal CRADA, Kidde-Fenwal Hardware 

All six tests conducted using the Kidde-Fenwal system were extinguished within the time 

requirements stated in the IMO test protocol. In a majority of the tests, the fires were 

extinguished before the end of agent discharge. 

During the previous investigation [2], a Kidde-Fenwal system containing four 360° 

nozzles and a design concentration of 8.7% successfully completed the IMO test protocol. 

During this investigation, additional system designs were added by successfully extinguishing the 

telltale fire test (Fire Scenario 1). These systems include a two 360° nozzle system, a two 180° 

nozzle system with the nozzles installed at the centerline of opposing bulkheads, and a system 

containing two 180° nozzles positioned back-to-back in the center of the space. 
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INTERNATIONAL MARITIME ORGANIZATION jft&-<=a«. MSC'C'rc 776 

4 ALBERT EMBANKMENT ^ $S§8& S 12 December 1996 
LONDON SE1 7SR 
Telephone:    0171-735 7611 
Fax: 0171-587 3210 
Telex: 23588 IMOLDN G 

Ref. T4/4.01 

GUIDELINES FOR THE APPROVAL OF EQUIVALENT FIXED GAS 
FIRE-EXTINGUISHING SYSTEMS, AS REFERRED TO IN 

SOLAS 74, FOR MACHINERY SPACES AND CARGO 
PUMP-ROOMS 

1 The Maritime Safety Committee, at its sixty-seventh session (2 to 6 December 1996), approved 
Guidelines for the approval of equivalent faxed gas fire-extinguishing systems, as referred to in 
SOLAS 74, for machinery spaces and cargo pump-rooms, as set out in the annex. 

2 Member Governments are requested to apply the annexed guidelines when approving equivalent 
fixed .gas fire-extinguishing systems for use in machinery spaces of category A and cargo pump-rooms. 
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MSC/Circ.776 

ANNEX 

GUIDELINES FOR THE APPROVAL OF EQUIVALENT FIXED GAS 
FIRE-EXTINGUISHING SYSTEMS, AS REFERRED TO IN 

SOLAS 74, FOR MACHINERY SPACES AND CARGO 
PUMP-ROOMS 

General 

1 Fixed gas fire-extinguishing systems for use in machinery spaces of category A and cargo 
pump-rooms equivalent to fire-extinguishing systems required by SOLAS regulations II-2/7 and II-2/63 
should prove that they have the same reliability which has been identified as significant for the 
performance of fixed gas fire-extinguishing systems approved under the requirements of SOLAS 
regulation II-2/5. In addition, ihe system should be shown by test to have the capability of extinguishing 
a variety of fires that can occur in a ship's engine-room. 

Principal requirements 

2 All requirements of SOLAS Regulations Ü-2/5.1,5.3.1,5.3.2 to 5.3.3 except as modified by these 
guidelines, should apply. 

3 The minimum extinguishing concentration should be determined by a cup burner test acceptable 
to the Administration. The design concentration should be at least 20 per cent above the minimum 
extinguishing concentration. These concentrations should be verified by full-scale testing described in 
the test method, as set out in the appendix. 

4 For systems using halocarbon clean agents, 95 per cent of the design concentration should be 
discharged in 10 seconds or less. For inert gas systems, the discharge time should not exceed 120 seconds 
for 85 per cent of the design concentration. 

5 The quantity of extinguishing agent for the protected space should be calculated using the design 
concentration based on the grass volume of the protected space including the casing. If the quantity of 
extinguishing agent when applied to the net volume of the protected space including casing exceeds the 
agent's LOAEL (Lowest Observed Adverse Effect Level), the quantity of agent should be reduced, but 
not below the agent's design concentration based on net volume. 

6 No fire suppression agent should be used which is carcinogenic, mutagenic, or teratogenic at 
concentrations expected during use. No agent should be used in concentrations greater than the cardiac 
sensitization -&QAEL. (No Observed Adverse Effect Level), nor the ALC (Approximate Lethal 
Concentration), without the use of controls as provided in SOLAS 74 regulation II-2/5.1 and 5.3. In no 
case should an agent be used above its LOAEL (Lowest Observed Adverse Effect Level). 

7 The system and its components should be suitably designed to withstand ambient temperature 
changes, vibration, humidity, shock, impact, clogging, and corrosion normally encountered in machinery 
spaces or cargo pump-rooms in ships. 
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u   IJU„ AX;m~A and installed in accordance with international 
8 The system and its components should * *^ ™**?^^ t0 ^ satisfaction of the 

elements: 

.1 safety: 

toxicity; 
noise, nozzle discharge; and 
decomposition products; 

.2 storage container design and arrangement 

strength requirements; 
maximum/minimum fill density, operating temperature range; 
pressure and weight indication; 
pressure relief; and 
agent identification and lethal requirements; 

.3 agent supply, quantity, quality standards; 

.4 pipe and fittings: 

strength, material, properties, fire resistance; and 
cleaning requirements; 

valves: 

testing requirements; 
corrosion resistance; and 
elastomer compatibility; 

nozzles: 

height and area testing requirements; and 
corrosion and elevated temperature resistance; 

actuation and control systems: 

testing requirements; and 
backup power requirements; 

•Until international standards are developed national s-^^table J^-~ 
Available national standards include, e.g., Standards Australia, umxea w g 

should be used 
NFPA2001. 
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.8        alarms and indicators: 

predischarge alarm, agent discharge alarms as time delays; 
abort, switches; 
supervisory circuit requirements; and 
warning signs and audible and visual alarms should be located outside each entry 
to the relevant space as appropriate; 

.9        agent flow calculation: 

approval and testing of design calculation method; and 
fitting losses and/or equivalent length; 

. 10       enclosure integrity and leakage requirements: 

enclosure leakage; 
openings; and 
mechanical ventilation interlocks; 

.11       design concentration requirements, total flooding quantity; 

. 12       discharge time; and 

. 13       inspection, maintenance, and testing requirements. 

9 The-nozzle type,maximum-nn^le sparing maximumheighl and minimum nozzle pressure: 
should be within limits tested to provide fire extinction per the proposed test method. 

10 Provisions should be made to ensure that escape routes which are exposed to leakage from the 
protected space are not rendered hazardous during or after discharge of the agent Control stations and 
other locations that require manning during a fire situation should have provisions to keep HF and HC1 
below 5 ppm at that location. The concentrations of other products should be kept below concentrations 
considered hazardous for the required duration of exposure. 

11 Agent containers may be stored within a protected machinery space if the containers are 
distributed throughout the space and the provisions of SOLAS regulation H-2/5.3.3 are met The 
arrangement of containers and electrical circuits and piping essential for the release of any system should 
be such that in the event of damage to any one power release line through fire or explosion in the 
protected space, i.e. a single fault concept at least five-sixths of the fire-extinguishing charge as required 
by paragraph 5 of this annex can still be discharged having regard to the requirement for uniform 
distribution of medium throughout the space. The arrangements in respect of systems for spaces requiring 
less than 6 containers should be to the satisfaction of the Administration. 

12 A minimum agent hold time of 15 minutes should be provided. 

13 The release of an extinguishing agent may produce significant over and under pressurizadon in 
the protected space. Measures to limit the induced pressures to acceptable limits should be provided. 
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M       FOT d ships, the fi^ngoishing syaen, a-£ — *^*^Ä 
proves for the control of products of „got. *»XÄ^£»taU^ o«np*hing 

muster (assembly) stations. 
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APPENDIX 

TEST METHOD FOR FIRE TESTING OF FIXED 
GAS FIRE-EXTINGUISHING SYSTEMS 

1 Scope 

1.1 This test method is intended for evaluating the extinguishing effectiveness of fixed gas 
fire-extinguishing systems for the protection of machinery spaces of category A and cargo pump-rooms. 

1.2 Fire-extinguishing systems presently covered in regulation II-2/5, of SOLAS 1974, as amended, 
are excluded. 

1.3 The test method covers the minimum requirements for fire-extinguishing. 

1.4 This test method is applicable to gases, liquefied gases and mixtures of gases. The test method 
is not valid for extinguishant gases mixed with compounds in solid or liquid state at ambient conditions. 

1.5 The test programme has two objectives: (1) establishing the extinguishing effectiveness of a given 
agent at its tested concentration, and (2) establishing that the particular agent distribution system puts the 
agent into the enclosure in such a way as to fully flood the volume to achieve an extinguishing 
concentration at all points. 

2 Sampling 

The components to be tested should be supplied by the manufacturer together with design and 
installation criteria, operational instructions, drawings and technical data sufficient for the identification 
of the components. 

3 Method of test 

3.1 Principle 

This test procedure enables the determination of the effectiveness of different gaseous agent 
extinguishing systems against spray fires, pool fires and class A fires. 

3.2 Apparatus 

3.2.1    Test room 

The tests should be performed in 100 m2 room, with no horizontal dimension less than 8 m, with 
a ceiling height of 5 m. The test room should be provided with a closable access door measuring 
approximately 4 m2 in area In addition, closable ventilation hatches measuring at least 6 m2 in total area 
should be located in the ceiling. 
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3.2.2 Integrity of test enclosure 

The test enclosure is to be nominally leak tight when doors and hatches are closed. The integrity 
of seals on doors, hatches, and other penetrations (e.g., instrumentation access ports) must be venrieü 

before each test 

3.2.3 Engine mock-up 

1 An engine mock-up of size (width x length x height) 1 m x 3 m x 3 m should be 
constructed of sheet steel with a nominal thickness of 5 mm. The mock-up should be 
fitted with two steel tubes diameter 0.3 m and 3 m length that simulate exhaust manifolds 
and a solid steel plate. At the top of the mock-up a 3 m2 tray should be arranged. See 
figures 1,2 and 3. 

2 A floor plate system 4 m x 6 m x 0.75 m high shall surround the mock-up Provision 
shall be made for placement of the fuel trays, described in table 1, and located as 
described in table 2. 

3.2.4    Instrumentation 

Instrumentation for the continuous measurement and recording of test conditions should be 
employed. The following measurements should be made: 

. 1 temperature at three vertical positions (e.g., 1, 2.5, and 4.5 m) 

.2 enclosure pressure 

3 gas sampling and analysis, at mid-room height, for oxygen, carbon dioxide, carbon 
monoxide, and relevant halogen acid products, e.g., hydrogen iodide, hydrofluoric acid, 

hydrochloric acid 

.4 means of determining flame-out indicators 

.5 fuel nozzle pressure in the case of spray fire 

.6 fuel flow rate in the case of spray fires 

.7 discharge nozzle pressure 

3.2.5    Nozzles 

3.2.5.1 For test purposes, nozzles should be located within 1 m of the ceiling. 

3.2.5.2 If more than one nozzle is used they should be symmetrically located. 
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3.2.6    Enclosure temperature 

3.2.6.1 The ambient temperature of the test enclosure at 1he start of the test should be noted and serve as 
the basis for calculating the concentration mat the agent would be expected to achieve at that temperature 
and with that agent weight applied in the test volume. 

3.3       Test fires and programme 

3.3.1    Fire types 

The test programme, as described in table 3, should employ test fires as described in table 1. 

Table 1 
Parameters of Test Fires 

Fire Type Fuel Fire Size, MW Remarks 

A 76-100 mm ID 
Can 

Heptane 0.0012 to 0.002 Telltale 

B 0.25 m2 Tray Heptane 0.35 

C 2 m2 Tray Diesel /Fuel Oil 3 

D 4 m2 Tray Diesel /Fuel Oil 6 

E Low pressure 
spray 

Heptane 
0.16 ± 0.01 kg/s 

5.8 

F Low pressure, 
low flow spray 

Heptane 
0.03 ± 0.005 kg/s 

1.1 

G High pressure 
spray 

Diesel /Fuel Oil 
0.05 ± 0.002 kg/s 

1.8 

H Wood Crib Spruce or Fir 0.3 See Note 2 

I 0.10 m2 tray Heptane 0.14 

Notes to table 1: 

1 Diesel /Fuel Oil means light diesel or commercial fuel oil. 

2 The wood crib should be substantially the same as described in ISO/TC 21/SC5/WG 8 ISO Draft 
International Standard, Gaseous fire extinguishing systems, Part 1: General Requirements. The 
crib should consist of six, trade size 50 mm x 50 mm by 450 mm long, kiln dried spruce or fir 
lumber having a moisture content between 9 and 13 per cent. The members should be placed in 
4 alternate layers at right angles to one another. Members should be evenly spaced forming a 
square structure. 
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Achieve ignition of the crib by burning commercial grade heptane in a square steel traj£23 rf 
in area During the pre-bum period the crib should be placed centrally above the top of the tray 
a distance of 300 to 600 mm. 

Table 2 
Spray fire test parameters 

Fire type Low pressure© Low pressure, 
Low flow(F) 

High pressure(G) 

Spray nozzle Wide spray angle 
(120 to 125°) 
full cone type 

Wide spray 
angle (808) 
full cone type 

Standard angle 
(at 6 Bar) 
full cone type 

Nominal fuel pressure 8 Bar 8.5 Bar 150 Bar 

Fuel flow 0.16 ±0.01 kg/s 0.03 ± 0.005 kg/s 0.050 + 0.002 kg/s 

Fuel temperature 20±5°C 20±5°C 20±5°C 

Nominal heat release 
rate 

5.8 + 0.6MW 1.1 + 0.1 MW 1.8 + 0.2MW 

A-10 



MSC/Circ.776 
ANNEX 

Page 9 

3.3.2  Test programme 

The fire test programme should employ test fires singly or in combination, as outlined in table 3. 

Table 3 
Test Programme 

Test No. Fire Combinations   (See Table 1) 

1 A:    Tell tales, 8 comers. See note 1. 

2-a 

See Note 2 

B:    0.25 m2 heptane tray under engine mockup 
E:    Horizontal LP spray directed at 15-25 mm rod 0.5 m away 
G:    HP diesel/fuel oil spray on top of engine mock-up 

Total Fire Load: 7.95 MW 

2-b 

See Note 2 

B:     0.25 m2 heptane tray under mock-up 
I:      0.10 m2 heptane tray on deck plate located below solid steel 

obstruction plate 

Total Fire Load: 0.49 MW 

3 C:    2 m2 diesel/fuel oil tray on deck plate located below solid steel 
obstruction plate 

H:    Wood crib positioned as in Figure 1 
F:     Low pressure, low flow horizontal spray - concealed - with 

impingement on inside of engine mock-up wall. 

Total Fire Load: 4.4 MW 

4 D:    4 m2 Diesel tray under engine mock-up 

Total Fire Load: 6MW 

Note to table 3: 

Tell-tale fire cans should be located as follows: 

(a) in upper comers of enclosure 150 mm below ceiling and 50 mm from each wall; 
(b) in comers on floors 50 mm from walls. 

Test 2-a is for use in evaluating extinguishing systems having discharge times of 
10 seconds or less. 

Test 2-b is for use in evaluating extinguishing systems having discharge times greater man 
10 seconds. 
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3.3.2.1 All applicable tests of table 3 should be conducted for every new fire extinguishant gas, or mixture 

of gases. 

3 3 2 2 Only Test 1 is required to evaluate new nozzles and related distribution system equipment 
hardware) for systems employing fire extinguishants that have successfully completed the requirements 
S^Te^Sd be conducted to establish and verify the manufacturer's mimmum nozzle design 

pressure. 

3.4      Extinguishing system 

3.4.1 System installation 

The extinguishing system should be installed according to the manufacturer's design and 
installation instructions. The maximum vertical distance should be limited to 5 m 

3.4.2 Agent 

3.4.2.1 Design concentration 

The agent design concentration is that concentration (in volume per cent) required by the system 

designer for the fire protection application. 

3.4.2.2 Test concentration 

The concentration of agent to be used in the fire extinguishing tests should be the design 
concentration specified by the extinguishing system manufacturer, except for Test 1 whichL should be 
inducted at 83% of the manufacturer's recommended design concentration but in no case at less than the 
cup burner extinguishing concentration. 

3.4.2.3 Quantity of agent 

The quantity of agent to be used should be determined as follows: 

3.4.2.3.1     Halogenated agents 

W=      (V/S) «C/O 00 -C) where 

W =      agent mass, kg 
V   =      volume of test enclosure, m3 

S    =      agent vapour specific volume at temperature and pressure of the test enclosure, 

kg/m3 

C   =      gaseous agent concentration, volume per cent 
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3.4.2.3.2    Inert gas agents 

Q   =      V [294/(273 + T)]. (P /1.013). ln[100/(100 - C)] where 

Q - volume of inert gas, measured at 294 K and 1.013 bar, discharged,  m3 

V = volume of test enclosure, m3 

T = test enclosure temperature, Celsius 
P = test enclosure pressure, bar 
C = gaseous agent concentration, volume per cent 

3.5 Procedure 

3.5.1 Fuel levels in trays 

The trays used in the test should be filled with at least 30 mm fuel on a water base. Freeboard 
should be 150 ± 10 mm. 

3.5.2 Fuel flow and pressure measurements 

For spray fires, the fuel flow and pressure should be measured before and during each test 

3.5.3 Ventilation 

3.5.3.1 Pre-bum period 

During the pre-bum period the test enclosure should be well ventilated. The oxygen concentration, 
as measured at mid-room height, shall not be less than 20 volume per cent at the time of system discharge. 

3.5.3.2 End of pre-bum period - 

Doors, ceiling hatches, and other ventilation openings should be closed at the end of the pre-bum 
period. 

3.5.4 Duration of test 

3.5.4.1 Pre-bum time 

Fires should be ignited such that the following burning times occur before the start of agent 
discharge: 

.1 sprays - 5 to 15 seconds 

.2 trays    - 2 minutes 

.3 crib     - 6 minutes 
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3.5.4.2 Discharge time 

. l halogenated agents should be discharged at a rate sufficient to achieve delivery of 95% of 
the minimum design quantity in 10 seconds or less. 

.2 inert gas agents should be discharged at a rate sufficient to achieve 85% of the minimum 
design quantity in 120 seconds or less. 

3.5.4.3 Soak time 

After the end of agent discharge the test enclosure should be kept closed for 15 minutes. 

3.5.5    Measurements and observations 

3.5.5.1 Before test 

.1 temperature of test enclosure, fuel and engine mock-up 

.2 initial weights of agent containers 

.3 verification of integrity agent distribution system and nozzles 

.4 initial weight of wood crib 

3.5.5.2 During test 

. l start of the ignition procedure 

.2 start of the test (ignition) 
.3 time when ventilating openings are closed 
.4 time when the extinguishing system is activated 
.5 time from end of agent discharge 
.6 time when the fuel flow for the spray fire is shut off 
.7 time when all fires are extinguished 
.8 time of re-ignition, if any, during soak period 
.9 time at end of soak period 
.10 at the start of test initiate continuous monitoring as per 3.2.4 

3.5.6    Tolerances 

Unless otherwise stated, the following tolerances should apply: 

.1 length ±2% of value 

.2 volume ±5% of value 

.3 pressure ±3% of value 

.4 temperature ±5% of value 

.5 concentration ±5% of value 
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These tolerances are in accordance with ISO standard 6182/1, February 1994 edition [4]. 

4 Classification criteria 

4.1 Class B fires must be extinguished within 30 seconds of the end of agent discharge. At the end of 
the soak period there should be no re-ignition upon opening die enclosure. 

4.2 The fuel spray should be shut off 15 seconds after extinguishment At the end of the soak time, 
the fuel spray should be restarted for 15 seconds prior to reopening the door and there should be no 
reignition. 

4.3 At the end of the test fuel trays must contain sufficient fuel to cover the bottom of the tray. 

4.4 Wood crib weight loss must be no more than 60%. • 

5 Test report 

The test report should include the following information: 

. 1 name and address of the test laboratory 

.2 date and identification number of the test report 

.3 name and address of client 

.4 purpose of the test 

.5 method of sampling system components 

.6        name and address of manufacturer or supplier of the product 

.7 name or other identification marks of the product 

.8 description of the tested product 
- drawings 
- descriptions 
- assembly instructions 
- specification of included materials 
- detailed drawing of test set-up 

.9         date of supply of the product 

.10 date of test 

.11 test method 

. 12 drawing of each test configuration 

. 13 Identification of the test equipment and used instruments 

.14 conclusions 

. 15 deviations from the test method, if any 

.16 test results including measurements and observations during and after the test; and 

. 17 date and signature. 
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APPENDIX C - INERGEN DISCHARGE TIME DETERMINATION 
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Unlike the halocarbon agents, where the nozzle liquid runout time serves as an indication that 95% 

or more of the agent has been delivered by the discharge system, there is no pressure inflexion or other 

clear indication marking the end of the agent discharge for Inergen. The discharge times could be 

determined by monitoring the weight of the cylinders with the end of agent discharge taken as the time 

when the desired fraction of the initial agent mass, adjusted for the piping volume, has left the cylinder. 

Measuring the weight of a cylinder during the discharge is difficult and prone to significant errors. 

These errors are associated with how the cylinder is attached to the pipe network. This connection is 

typically made using a flexible hose, which must be installed, in a level, horizontal plane in order to not 

interfere with the measurement of the cylinder weight during the discharge. Unfortunately, the reaction 

forces of the pressurized flex hose always affect the weight measurement. These reaction forces reduce 

the accuracy of this measurement. 

The mass of the agent in the cylinders was instead estimated by utilizing the temperatures and 

pressures measured in the cylinder manifold and the Soave-Redlich-Kwong equation of state [C-l, C-2]. 

The S-R-K equation of state is used to find the density of the agent at the measured temperature and 

pressure. Assuming that all the agent in the discharge system is at the same density, a conservative 

discharge time can be estimated based on a required outage fraction. 

The S-R-K equation of state is cubic in nature and takes the following working form [C-l]: 

Z3-Z2 + Z*(A-B-B2)-AB = 0 

where Z is the compressibility and A and B are constants depending on the composition of the mixture, the 

critical pressure, the critical temperature, and pitzer acentric factor for each species as follows: 

Z = Pv/RT 

A =      yiyjCAAj)05 

B =     yiBi 

Ai = 0.4247*azi*(P/Pci)/(T/Tci)2 

azi = [l. + zmi*(l.-[T/Tci]a5)]2 
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zmi =    0.48 + 1.574wi -0.176\Vi2 

Bj   =    0.08664*(P/Pci)/(T/Tci) 

p     =     (yiMWi)/v 

where P is the pressure, v is the molal volume, p is the density, R is the ideal gas constant, T is the 

temperature, y{ is the mole fraction of species I in the mixture, MWJ is the molecular weight of species I, 

Pci is the critical pressure of species I, Tc; is the critical temperature of species I, and Wj is the pitzer 

acentric factor for species I. 

In practice, the density is first determined utilizing the total system volume and initial agent mass. 

The compressibility, Z, and the value of the S-R-K working equation are then found for two bracketing 

time steps. The time at which the end of the discharge occurred is found by linear interpolation between 

these points. This was done using an Excel Spreadsheet for each of the eight tests conducted for both 85% 

and 95% outages as shown in Tables C-l through C-16. 
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C-l.     Henley, E. J. and Seader, J. D., Equilibrium-Stage Separation Operations in Chemical 

Engineering, John Wiley & Sons, New York, NY, 1981. 

C-2.     Reid, R. C, Prausnitz, J. M., and Sherwood, T. K., The Properties of Gases and Liquids, Third 

Edition, McGraw-Hill Book Company, New York, NY, 1977. 
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APPENDIX D - TEST DATA 
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Test# CRADA Agent System Fire Scenario Page 

1 Ansul Inergen 1 - 360° 1 D-3 

2 Ansul Inergen 1 - 360° 5 D-6 

3 Ansul Inergen 1 - 360° 5 D-9 

4 Ansul Inergen 2-180° 5 D-12 

5 Ansul Inergen 1 - 360° 2B D-15 

6 Ansul Inergen 1 - 360° 3 D-18 

7 Ansul Inergen 1 - 360° 4 D-21 

8 Ansul Inergen 1 - 360° 5 D-24 

9 Ansul NAF-Sm 4 - 360° 5 D-27 

10 Ansul NAF-Sm 4 - 360° 5 D-30 

11 3M CEA-308 4 - 360° 1 D-33 

12 3M CEA-308 4 - 360° 5 D-36 

13 3M CEA-308 4 - 360° 3 D-39 

14 3M CEA-308 4 - 360° 4 D-42 

15 3M CEA-308 4 - 360° 4 D-45 

16 3M CEA-308 4 - 360° 3 D-48 

17 3M CEA-308 4 - 360° 4 D-51 

18 3M CEA-308 4 - 360° 4 D-54 

19 3M CEA-308 4 - 360° 2A D-57 

20 3M CEA-308 4-360° 2A D-60 

21 FMRC/Sea-Fire FM-200 4 - 360° 1 D-63 

22 FMRC/Sea-Fire FM-200 4 - 360° 5 D-66 

23 FMRC/Sea-Fire FM-200 4 - 360° 3 D-69 

24 FMRC/Sea-Fire FM-200 4 - 360° 2A D-72 

25 FMRC/Sea-Fire FM-200 4 - 360° 4 D-75 

26 FMRC/Sea-Fire FM-200 4-180° 1 D-78 

27 Kidde-Fenwal FM-200 4-360° 5 D-81 

28 Kidde-Fenwal FM-200 2 - 360° 5 D-84 

29 Kidde-Fenwal FM-200 2-180°* 5 D-87 

30 Kidde-Fenwal FM-200 2-180°* 1 D-90 

31 Kidde-Fenwal FM-200 2-180° 5 D-93 

32 Kidde-Fenwal FM-200 2-180° 1 D-96 

33 Chemetron FM-200 4 - 360° 1 D-99 

34 Chemetron FM-200 4 - 360° 5 D-102 

35 Chemetron FM-200 4 - 360° 2A D-105 

36 Chemetron FM-200 4 - 360° 3 D-108 

37 Chemetron FM-200 4 - 360° 4 D-lll 

38 Chemetron FM-200 2 - 360° 5 D-114 

39 Chemetron FM-200 2-180° 5 D-117 

*    Back to back nozzles. 
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^^^^^ Lifesaving and Fire Safety Standards 2100 Second Street, S.W. 
ofTVÄ^fiSnA^» Division Washington, DC 205934)001 

IMpiSSCW United States Coast Guard Staff Symbol: G-MSE-4 
r^US1^«*8    ImSSm Headquarters Phone. (202) 267-1444 
Coast Guard      *^^— FAX: (202)267-4816 

16714/162.162 Ansul 

Mr. John P Goudreau 
Director, Marine/Government Division jy^ _4 (ggg ' 
Ansul Incorporated 
One Stanton Street 
Marinette, Wisconson 54143-2542 

RESPONSE TO ANSUL LETTER OF 27 APRIL 98 

Dear Mr. Goudreau: 

This letter is in response to your inquiry of April 27, 1998 regarding design requirements and fire 
tests for inert gas halon alternative fire extinguishing systems. Specifically, your letter asked for 
our interpretation of certain requirements of the International Maritime Organization's (IMO) 
Maritime Safety Committee Circular number 776 (MSC/Circ. 776). 

We require all gaseous halon alternative fire extinguishing systems to be tested in accordance with 
IMO MSC/Circ. 776. One of the provisions of the circular is that inert gas fire extinguishing 
systems must comply with the requirement of Paragraph 4 of the circular's Guidelines. This 
requires the system to be arranged such that 85% of the agent design concentration will be 
achieved in 120 seconds or less. This 120 second time limit corresponds to the time when 85% of 
the required quantity of agent must be expelled from the nozzles in the protected space. 
Additionally, the required agent quantity must be determined from the concentration described in 
the manufacturer's approved marine system design manual. We infer that extinguishment of large 
fires is expected to occur soon after 85% of the required agent quantity is discharged and that all 
fires will be extinguished as soon as an extinguishing concentration of the agent is thoroughly 
mixed in the space. Paragraph 4 of the IMO Guidelines is a clear system design requirement for 
systems being installed. There is little room for interpretation of Paragraph 4. 

For the fire tests described in the Appendix of MSC/Circ.776, we require compliance with 
paragraph 4.1 of the appendix which requires all of the test fires to be extinguished within 30 
seconds of the end of the agent discharge. We interpret the end of agent discharge to be the time 
when there is no substantial flow from the nozzles. If flow is uneven, it is the time when the first 
nozzle stops discharging. For Test Number 1 of Table 3 we require complete extinguishment of all 
of the tell-tale fires within 30 seconds after 100% of the agent used during the test stops 
substantially discharging from the nozzles. While this allows an unspecified time from the 
beginning of agent discharge until complete fire extinguishment, the scenario may be the most 
challenging case for agent mixing because this scenario may have the least nozzle turbulence. 
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RESPONSE TO ANSUL LETTER OF 27 APRIL 98 

We believe that our requirements and interpretations reflect the intent of the IMO committee that 
developed the halon alternative gaseous agent design guidelines and test protocols. In fact, we 
considered the deliberation that occurred at IMO when we developed our interpretations. We 
reserve the right to reject test results or impose additional requirements if we believe that test fires 
are not being extinguished by the principle extinguishing mechanism of the inert agent. This 
could include cases where fires are being extinguished by their own oxygen depletion, separation 
of the flame from the fuel by agent velocity or by some other unanticipated mechanism. 

If you have additional questions please contact Mr. Matthew Gustafson at 202-267-0170. 

de 
Chief, Lifesaving and 

Fire Safety Standards 
By direction of the Commandant 

cc: USCG R&D Center - Marine Fire & Safety 
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